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Abstract

Structured light has been widely used in
mobile robot navigation due to the involved low
compufing time in segmentation. However, the
correspondence problem becomes harder if a
complete reconstruction of the scene is required.
This  paper ntroduces the coded pattern
projection  principle  which allows to solve
completely the marching. Furthermore, focal
distances of the imaging and projecting system
must vary autonomously with the aim of grabbing
always a focused image. This paper overviews the
self-calibration concept which arises when a light
projector replaces one of both cameras. Finally,
the paper proposes the use of a partially self-
calibrated system which wiilises the advantages of
coded pattern projection and camera self-
calibration.

1. INTRODUCTION

It is widely known that stereo vision systems
are very important to understand the surrounding
scene of a mobile robot. In mobile navigation,
focal distances of the imaging system must vary
autonomously in order to grab always a focused
image, and so a priory non information of the
scene is allowed. This fact leads to the use of an
auto-focus system and a method of self-calibration
0 re-calibrate the system in real-time with no
knowledge of the scene. Self-calibration is based
on the correspondence matching among the
imaging systems. So, most well and precise
correspondences  are obtained, most precise
geometry of the vision system will be computed
-and most precise 3D information of the scene will

;bﬂacquired.
The relationship between two cameras may be
one of the most used methods, Metric

reconstruction of the scene can be obtained from

point matching on both image planes. The
correspondence of image points is the main
problem to be solved in stereo vision. Points
without matching or with a false matching lead us
to compute a false geometry of the system which
will give us a false reconstruction of the scene.
This problem is always caused to surface
occlusions, projections out of the scope of the
camera or simply by a weak algorithm of singular
points segmentation.

The problem of image points without matching
on the second image plane can be solved by using
an stereoscopic system based on structured light.
Here, the second stereo camera is replaced by a
light source which projects a known pattern on the
measuring scene. The first stereo camera images
the illuminated scene and analyses the
deformations of the imaged pattern with respect to
the projected one. Most of the proposed
structured light techniques are based on dot or slit
patterns. However, the projection of regular
patterns involves multiple matching.

In recent years, a new structured light
technique has grown in importance.  This
technique is based on a unique codification for
each token of light projected on the scene [i].
When the token is imaged by the camera, this
codification  allows us 1o obtain the
correspondence, that is, to know where it comes
from, Then, 2D true matches between camera and
projector are directly obtained without using hard
computational processes. This technique is widely
known as coded structured light or coded pattern
projection {2]. Although it seems that coded
pattern projection could simplify mobile indoor
navigation for 3D scene reconstruction {3], there
exist several essential problems which do not
allow it to be used on self-calibration. This paper
will justify the constraints associated with coded
pattern projection and will point out that & lot of
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research is required in this field of computer
vision.

The paper is structured as follows. Firstly, the
principle of self-calibration and the epipolar
geometry is described, explaining how intrinsic
and extrinsic parameters can be obtained from
stereo vision based on two or most image planes.
Secondly, coded pattern projection is introduced
focusing in the use of self-calibration. The facility
of obtaining the correspondence points from coded
structured light becomes an essential problem not
allowing the system 1o be self-calibrated. The
paper ends with the conclusions.

2. SELF-CALIBRATION

The technique of self-calibration studies how
an imaging system can be calibrated without
extracting 3D scene information but only using
correspondence matches among image sensors.
The relation between the correspondence matches
between two cameras can be defined from the
epipolar geometry and related by the fundamental
matrix {4, 5/.

The fundamental matrix relates an image point
on an image plane with its epipolar hne in the
other image plane. Epipolar lines of an image
plane coincide in a single point called epipole. As
it is shown in figure 1, given an image point m
from the first image plane, ils correspondence
point m’ on the second image plane must lie on
the epipolar line 17, i.e. on the plane defined by
the three points m, C and C*. The fundamental
matrix is then defined from the co-planarity
constraint which can be formulated as a product of

the vector mC by the vector defined as the cross-
product of the vector CC* and Lhe vectorm *C .

It has been proved that an image point must lie
on the epipolar line defined by its correspondence.
Then equation (1) must be satisfied. From the co-
planarity constraint the epipolar line can be
expressed as (2). Then, the correspondence match
relation can be related by a 3x3 matrix F known as
the fundamental matrix, as it 1s cxpressed in (3)
and (4).

m'l =0 1)
I =ATR'[t],A"'m’ 2)
m'Fm’ =0 (3)
F=ATR[1] A" (4)

In fact, some different fundamental matrices
can be computed from a single relationship
between two cameras. [t depends on where the

origin of the world co-ordinate system have been
placed and on which image plane the epipolar

geometry is computed. In our case, the origin of
the co-ordinate system is placed in C and the
geometry is computed with respects of 1*.
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Figure 1. The epipolar geometry which determines the
fundamental marrix.

Although the fundamental matrix is a powerful
tool in computer vision, more than a single matrix
must be computed lo infer the intrinsic and
extrinsic camera parameters of the imaging system,
That is because several possible imaging systems
can be modelled from a single F. Actually an
affine transformation of the whole system is
applied. Then three fundamental matrices [6] are
computed as shown figure 2. F, relates the spatial
matches of both image planes. F; and Fy relates
temporal matches in the same image plane. No
restriction in the scene is applied but object
movement in order to avoid false matches.
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Figure 2. The imaging system movement applied 1o
infer its intrinsic and extrinsic geometrical parameters,

The affine transformation of the imaging
system 1s done by keeping its geometrical
relationship then it is supposed that the intrinsic
parameters of both imaging systems do not change,
neither the rotation matrix R and the translation
vector ¢ which relates both sensors. In this sense,
F, and F; matrices can be used to compute the
intrinsic ~ parameters of  both  cameras
independently. When the intrinsic parameters are
known the extrinsic parameters can be computed
from F\, see {4] to verify this affirmation.
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3. CODED PATTERN PROJECTION

One of the most important problems of stereo
vision systems based on the relationship of two
cameras is false matching. False matching is a key
concept in sterco vision and hardly conditions the
further computation of the epipolar geometry.
That is why a stereo vision system based on the
projection of a unique encoded pattern will be of
our interesting. In most cases, due to their
complexity, they patterns are designed by
computers and printed by photographic techniques
on slides. By this way, each token of light imaged
by the camera carries the required light
information to discern where it comes from. False
matches from surface occlusions and multiple
matches or points without matching due to the
camera scope are avoided. Although a scene light
control 1s required, structured light has been
widely used in mobile robot navigation. Coded
pattern projection allows wus to solve the
correspondence problem without involving high
time computing algorithms [I]. However, the
systems are based on classical hard calibration,
that 1s, 3D information of the scene is obtained
from calibrating patterns like regular squares or
circles and even using the same projecting light
pattern.  This fact restricts the system in a quite
narrow range of depth distances, otherwise the task
has to be stopped to re-calibrate it. In fact, focal
distances of the camera and the slide projector
must be dynamically readjusted o grab always the
best image. We should consider that focal
distances do not change in the calibrating process
and the scene measuring step. Of course, they can
be changed before it.

It could be thought that the same principle
explained in section 2 could be used to self-
calibrate a stereoscopic system based on coded
pattern projection. However, an essential problem
should be considered: 3D scene must be kept
with no movement 1o obtain true temporal
matches. Then, during the calibrating process the
slide projector must be still, this principle is shown
in figure 3.

Any movement of the slide projector during the
calibrating process will produce a movement of
the pattern projected on the scene. As the
comrespondence is  obtained from the light
projected, any movement of the projector will
produce a movement of the 3D object points
carrying an inconsistency on the compute of the
fundamental matrix F;. Furthermore, the intrinsic
parameters of the slide projector can not be
‘obtained if any movement occurs. At this point
the fundamental matrix Fy or Fz can be computed
‘but the extrinsic paramelters of the system can not
be obtain as we only know the intrinsic parameters
of the camera sensor meaning that a lot of

geometrical solutions of the system could be
found.

Projecting
system

G

Figure 3. The principle which could be proposed to
self-calibrate the pattern projection system.

The problem can be partially solved removing
the slide projector with a laser light beam which
can be hard calibrated at the beginning and
remains always focused.  Then the intrinsic
parameters of the light projector system will be
always known and the camera will be self-
calibrated using the principle described in figure 3.
However, the 3D scene measurement can not be
taken dynamically. Durnng the process the mobile
robot should stop. Then, the camera should
focused and the F; matrix computed. Afterwards,
the camera should be moving without changing its
internal geometry, that is, its focal, and the F; and
F3 matrices computed.  Finally, the intrinsic
parameters of the camera should be computed and
with this a 3D measurement of the scene could be
obtained.

Note that if the camera movement is well
controlled it is not necessary to compute each time
the extrinsic parameters of the system as camera
and projecting light system will be always placed
at the same positions. This fact, point us to use
self-calibration to compute the intrinsic parameters
of the camera, the only values which could change.

4. CONCLUSIONS

This paper discussed the problem which arises
in self-calibration of stereoscopic systems based
on a single imaging sensor and a projector of
structured light.

The epipolar geometry of any stereo vision
system is obtained from 2D correspondence
matches and by the supposition of no movement
for 3D object points. This fact causes that stereo
vision systems based on structured light can not be
self-calibrated. Authors must take into account that
a high computational time processing of stereo
vision is usually spenl to solve the correspondence
matching, False matches will always produce
geometrical errors which take us 10 a false epipolar




geometry and a consequent rather inaccurate 3D
scene reconstruction. Actually, this is the field
where coded structured light becomes more
important as it can be used to solve the
correspondence problem with not a high
computational time algorithm, allowing the system
to be used in autonomous navigation.

The paper proposes to use a partially self-
calibrated system based on the projection of laser
light, which utilises the advantages of dynamic
camera self-calibration and the advantages of
unique matches given by coded pattern projection.
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